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0 Cogeneration system and method. 



0 A cogeneration system including a heat engine 
driving an electrical generator coupled to electrical 
lines at a site serviced by a utility is disclosed. The 
system includes supervisory means for monitoring 
the electrical energy and/or power supplied by the 
generator, supplied to the site by the utility, and 
consumed by site electrical loads, for storing mon- 
itored electrical data, and for controlling operation of 
the engine and generator in response to the mon- 
itored data. The system further is provided with data 
representing the energy and power rate structure of 
the local utility, and with a real time clock, and 
^stores monitored electrical data and controls opera- 
^tion of the system in accordance with whether the 
time corresponds to a utility peak, intermediate, or 
{^off-peak energy rate period or to a peak demand 
Jyj measuring period. The system further comprises 
means for monitoring the thermal energy transferred 
00 from the engine to a site thermal load by heat 
^exchange means. 

Also disclosed is circuitry for monitoring energy 
°and power in electrical distribution lines and provid- 
OLing interlocking functions including means for mul- 
U^tiplying voltage and current representative signals, a 
voltage-to-frequency converter for converting the 
product to a frequency signal, and a gated counter 



for integrating by counting the frequency signal over 
a predetermined time interval. 

Also disclosed is a multiple-unit cogenerator 
system each unit of which is provided with supervi- 
sory means as set forth above, one of which serves 
as a local area network master controlling commu- 
nicating with the others over a local area network. 
One unit serves as a lead unit, varying its output to 
regulate the system output. Other units are turned 
full on or off as necessary to provide the desired 
output. Lead unit status is rotated among the various 
units of the system to equalize wear. 

A cogeneration method is disclosed including 
the functions of the apparatus set forth above. 
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COGENERATION SYSTEM AND METHOD 



Field of the Invention 

This invention relates to cogeneration systems, 
i.e., to systems which produce at a site electrical 
energy and possibly also thermal energy for use at 
the site. In particular, the invention relates to 
cogenerator control systems, and more particularly 
to cogenerator control systems which monitor 
cogenerator power output, power used at the site, 
and/or power supplied to the site by a utility, and 
control cogenerator operation in response thereto. 



Background of the Invention 

The bulk of the electrical power consumed is 
provided by electrical utilities which utilize steam- 
driven turbines to drive generating means at central 
generating stations, and a network of transmissions 
and distribution lines to distribute the power to 
widely disperse sites where it is used. This method 
of power supply entails large energy losses. For 
instance, approximately 70% of the heat energy of 
fossil' fuel burned at a central station is not utilized 
but is disposed of as waste heat Further losses 
occur in the transmission and distribution of the 
electrical energy. These losses are reflected in the 
rates charged by electrical utilities. 

In order to reduce electricity users' energy 
costs, so-called cogenerators have been provided. 
These cogenerators include a heat engine which 
drives electrical generating means, the output of 
which is coupled to the electrical lines servicing the 
electrical loads at the user's site. Such systems 
typically include one or more heat exchangers for 
distributing the heat output of the heat engine to 
thermal loads at the user's site, such as for heating 
of buildings. The use of such heat which would 
otherwise be wasted, can raise the overall effi- 
ciency of utilization of the heat content of fuel to 
perhaps 80%; the energy cost savings to the 
cogenerator user are primarily attributable to reduc- 
tion of energy costs for the uses, such as building 
heating, to which the cogenerator heat output is 
put 

However, known cogenerator systems are defi- 
cient in certain regards by failing to take into ac- 
count the nature of the costs of using utility-sup- 
plied electricity. Utilities must provide generating, 
transmission, and distribution capacity sufficient to 
service the maximum total demand of all their 
connected customers. This demand tends to follow 
a daily cycle with a peak in the middle of the day. 
and a seasonal cycle, with a peak in the summer in 



moderate and warm climates, and a peak in the 
winter in colder regions. The equipment or generat- 
ing capacity necessary to supply the peak demand 
is not always in use; nonetheless, the cost of 

5 having it available must be borne by the utility's 
customers. Utilities attempt to apportion such cost 
among their customers according to their respec- 
tive peak usage by basing their electricity charges 
for individual customers upon their peak demand. 

10 For instance, utilities may charge different rates for 
electrical energy used during predetermined peak, 
intermediate, and off-peak periods during the day. 
Utilities may also impose a peak power demand 
charge based on the customer's peak power de- 

rs mand during a predetermined demand measuring 
period, such as during a 15 minute period each 
day. In addition to or instead of such peak demand 
charges, a utility may adjust its energy rates ac- 
cording to the customer's measured peak power 

20 demand. Moreover, utilities may base their rates 
and charges to a customer for an extended period 
such as an entire year on peak demand measured 
at a particular time, e.g. on a measured summer 
peak. Thus, heavy demand coinciding with a de- 

25 mand measuring period may grossly affect a cus- 
tomer's utility charges for that month, or even the 
following year. The customer's difficulty is com- 
pounded by the fact that utilities generally measure 
peak demand by peak-registering meters which are 

30 enabled during the demand measuring period and 
periodically read by the utility; the customer is 
therefore unable to determine when the peak oc- 
curred or verify what the peak in fact was. The 
customer has no means to control his damage and 

35 usage of utility power and energy or to verify the 
utility's basis upon which he is billed. 

Known cogeneration systems, which lack the 
ability to control cogenerator operation in response 
to time of day and/or power being supplied to the 

40 site by the utility, cannot for instance, ensure that 
the cogenerator is operating during peak rate 
periods or that it will control the peak usage of 
power from the utility. Such measures would sig- 
nificantly affect the customer's energy costs. More- 

45 over, utility customers with cogeneration systems 
cannot determine the energy cost savings obtained 
by operation of the cogenerator, or whether in fact 
there are any savings. For instance, the apparatus 
set forth in U.S. Patent 3.944,837 provides ther- 

50 mostatic control of the cogenerator and turns the 
heat engine on or off to control the temperature of 
the heat exchange medium, thereby matching the 
cogenerator thermal output to the site thermal de- 
mand. Such apparatus is entirely unresponsive to 
conditions affecting utility costs. For example, such 
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apparatus may be inactive when there is low ther- 
mal demand but high electrical demand during a 
peak rate period, and be fully active when there is 
high thermal demand during an off-peak rate pe- 
riod. As a consequence, such systems do not 
optimize their operator's energy costs, particularly 
when their capital costs are taken into consider- 
ation. Known commercial systems also do not 
measure their power outputs, although some which 
operate at full output when on accumulate engine 
run time data, which when multiplied by the rated 
output, coarsely approximates total output. 

Summary of the invention 

It is therefore a general object of the invention 
to provide a ccgeneration system which does not 
suffer the aforementioned drawbacks. 

It is a more specific object of the invention to 
provide a cogeneration system which optimizes its 
operator's energy costs. 

It is a further object of the invention to provide 
a cogeneration system which is responsive to utility 
rate structures. 

It is a further object of the invention to provide 
a cogeneration system which is responsive to daily 
variations in utility rates. 

It is another object of the invention to provide a 
cogeneration system which is responsive to the 
amount of power provided to a site by an electrical 
utility. 

It is another object of the invention to provide a 
cogeneration system which monitors the quantity of 
thermal energy it supplies. 

It is another object of the invention to provide a 
cogeneration system which monitors the quantity of 
electrical energy which it supplies, which is con- 
sumed at the site, and which is supplied to the site 
by a utility. 

It is another object of the invention to provide a 
cogeneration system which documents such mon- 
itored quantities of thermal and/or electrical energy. 

It is a further object of the invention to provide 
a cogeneration system which monitors the value of 
the thermal energy and of the electrical energy it 
supplies. 

It is yet another object of the invention to 
provide a cogeneration system which is adapted to 
provide thermal and electrical output data to a 
remote location. 

It is a further object of the invention to provide 
a cogeneration system which monitors its operating 
conditions and is adapted to provide data regarding 
same to a remote' location. 

It is still a further object of the invention to 
provide a cogeneration system which .is operable 
from a remote location. 



It is another object of the invention to provide a 
cogeneration system according to the foregoing 
objects which is capable of reliable autonomous 
operation. 

5 It is a further object of the invention to provide 

a cogeneration system according to the foregoing 
objects which includes a plurality of cogenerators. 

In accordance with the foregoing objects, the 
cogeneration system of the present invention in- 

to etudes heat engine means, generator means me- 
chanically coupled thereto and electrically coupled 
to site electrical distribution lines, and heat transfer 
means for transferring heat from the engine means 
to site thermal loads. The cogeneration system 

is includes supervisory means for monitoring and 
controlling the operation of the system, including 
means for monitoring the electrical energy and 
power supplied to the site by the utility, supplied 
by the generator means, and consumed by the site 

20 load. The supervisory means further includes real 
time clock means, and operation of the engine 
means is controlled in response to the monitored 
electrical energy and to the clock means. 

In a preferred embodiment, the supervisory 

25 means of the present invention comprises a central 
processor and associated memory for storage of 
acquired data and system operating software. 

These and other objects and features of the 
invention will become apparent to one skilled in the 

30 art upon review of the following specification, ap- 
pended claims, and drawings. 

Brief Description of the Drawings 

Fig. 1 is a simplified schematic diagram of 
the cogeneration system of the present invention; 

Rg. 2 is a more detailed schematic diagram 
of the cogeneration system of the present inven- 
40 tion; 

Fig. 2a is a diagram of intermediate loop 
apparatus useful in the system of Rg. 2; 

Rg. 3 is a schematic diagram of a preferred 

embodiment of power monitoring circuitry useful in 
45 the present invention; and 

Rg. 4 is a schematic diagram of a cogenera- 
tion system according to the invention which in- 
cludes a plurality of cogenerators. 

so 

Detailed Description of the Preferred Embodi- 
ment 

Rg. 1 is a simplified block diagram of the 
55 cogeneration system of the present invention illus- 
trating its basic components and the environment 
in which they are used. Normally, electrical service 
is provided to a site by a utility central generating 
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station 2 over utility distribution lines 6. At the site, 
power is supplied to electrical loads 4 by site 
distribution lines 8 coupled to utility lines 6. in 
known cogeneration systems, heat engine means 
such as an internal combustion engine 12 is pro- 
vided, the mechanical output 20 of which is coup- 
led to electrical generator means 14 such as a 
generator or alternator. The electrical output of 
generator means 1 4 is coupled by generator output 
distribution lines 34 to the site distribution lines 8 at 
node 38 to supply some or ail of the electrical load 
4, and the heat output 22 of engine means 12 is 
coupled to site thermal load 18, typically by means 
of a heat exchanger (not shown) whereby the 
otherwise-wasted thermal energy may be put to 
use. 

To the foregoing, the cogeneration system 10 
of the present invention adds supervisory means 
16 for controlling the operation of the system. Su- 
pervisory means 16 provides control outputs 36 to 
engine means 12 in response to input data 30 
relating to the electrical energy and/or power trans- 
' ferred between central generating station 2 and the 
site (hereinafter utility energy or power or, collec- 
tively, utility electricity) over distribution lines 6, 
and input data 28 relating to the electrical energy 
and/or power 34 transferred between generator 14 
and site distribution lines 8 (hereinafter generator 
energy or power or, collectively, generator elec- 
tricity). In addition to or in lieu of input data 28 or 
30, supervisory means it may be provided with 
input data 29 relating to the electrical energy or 
power consumed by load 4 (hereinafter load en- 
ergy or power or, collectively, load electricity), and 
provide control inputs 36 in response to the load 
electrical data. Supervisory means 16 also desir- 
ably receives input data 24 relating to thermal 
energy and/or power transferred from engine 
means 1 6 to thermal load 1 8, and provides control 
inputs 36 in response to the thermal input data. 
Further, supervisory means 16 desirably receives 
operating condition data 26 from engine means 12. 
and provides control inputs 36 in respons&Jo the 
operating condition data. Supervisory means 16 
comprises data storage means for storing electrical 
data, thermal data, and operating condition data. 
Supervisory means 16 also desirably includes 
means for input and output of data 32 to local 
and/or remote terminals and the like. 

Figure 2 shows a more detailed schematic 
representation of the. preferred embodiment of a 
cogeneration system according to the present in- 
vention. 

in the system of Figure 2. the supervisory 
means 16 of figure 1 is shown in detail, and com- 
prises sensor means 60, 62, 64,... 104: output de- 
vices for system control, including fuel control 
means 48. contactor 50, starter means 44. ignition 
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means 45. and circulating pump 148; and the ele- 
ments contained within dotted block 160, 
hereinafter referred to as control means 160. En- 
gine means 12 is supplied fuel, such as natural 
s gas, from a fuel source 46 via a fuel control means 
48. Fuel control means 48 may comprise a car- 
buretor adapted to be controlled by signals from 
supervisory means 16, such as a carburetor having 
its throttle actuated by a stepper motor. It may 
jo further comprise a solenoid-operated value to turn 
the fuel supply on or off. A storage battery 42 
provides power to enable starter means 44 to turn 
engine means 12 over under control of a start 
signal from control means 160, and to ignition 
is means 45 under control of an ignition signal from 
control means 160. Storage battery 42 also desir- 
ably provides power to supervisory means 16, en- 
abling it to operate whether or not power is avail- 
able from generator means 14 or central generating 
20 station 2. 

Generator means 14 is an induction generator, 
operating above synchronous speed to deliver out- 
put power. For instance, generator means 14 may 
deliver no" power at a synchronous speed of 1800 
25 RPM, and maximum power output at a speed of 
1845 RPM. The electrical output of generator 
means 14 is coupled to site distribution lines 8 at 
node 38 through a contactor 50 and a circuit break- 
er 52. Contactor 50 enables the generator output to 
jo be coupled to and decoupled from lines 8 during 
startup and shut down, respectively, under the con- 
trol of control means 160 (and under control of 
protective interlocks, as discussed hereinafter). 
Contactor 50 provides an auxiliary interlock dis- 
35 crete signal D2 to indicate whether the contactor is 
closed or open. Circuit breaker 52 protects the 
cogeneration system from line faults such as a 
short circuit overload. 

Thermal output from engine means 12 is coup- 
40 led to thermal load 18 by heat exchanger 40. A 
heat transfer fluid such as water is circulated (by 
means not shown) between the thermal load 18 
and the output of heat exchanger 40 in a customer 
loop via supply line 140 and return line 142. While 
45 the heat input to exchanger 40 may be obtained 
directly from any convenient elevated- temperature 
portion of engine means 12, desirably it is obtained 
from another heat exchange fluid circulated by 
pump 148 in an intermediate loop having a supply 
so line 144 and return line 146. The intermediate loop 
may pass through heat exchangers (not shown) 
thermally coupled to the engine coolant, the engine 
oil. the exhaust manifold, and the exhaust gases 
and thereby recover a large portion of the heat 
55 output of engine means 12. Thermal load 18 may 
compromise building space heating loads, indus- 
trial process heat supply loads, hot water supply 
loads, and other load devices. requiring a heat input 

4 
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such as certain types of air conditioners and the 
like. For example, the heat output of the cogenera- 
tion system may be supplied to heating and cool- 
ing units operating by dessicant heating or absorp- 
tion chilling. 

Control means 160 generally acquires input 
data from the sensors, performs computations 
based on or other manipulation of the input data, 
stores acquired data and data derived therefrom, 
controls operation of the engine and the electrical 
and thermal output of the system by providing 
output signals to the output devices, and inter- 
changes data with one or more terminals. The 
elements of control means 160 are coupled to one 
another by data/address bus means 158. CPU 110 
controls the flow of data between the elements of 
control means 160, and performs computations on 
and otherwise manipulates such data in accor- 
dance with a stored control program. The control 
program is stored in ROM 112; portions may also 
be stored in RAM 114, enabling such portions to 
be altered by input from local terminal 134 or a 
remote terminal. RAM 114 also stores operating 
condition data, operating history data, and electrical 
and thermal power and energy data. In order to 
preserve the stored control program portions and 
data despite failure of the power supply from bat- 
tery 42; RAM 114 is provided with a backup battery 
116. 

Sensors providing analog outputs are coupled 
to bus means 158 by analog input means 122, 
which provides signal conditioning appropriate for 
the particular analog sensors used and analog to 
digital conversion of the conditioned analog input 
signals. Discrete signals from discrete-output sen- 
sors, fault-responsive interlocks, and certain 
operator-actuated switches are coupled to bus 
means by discrete input means 124. Discrete input 
means 1 24 provides appropriate signal conditioning 
for the various discrete inputs, such as optical 
isolation of the discrete inputs. The analog and 
digital input signals from input means 122 and 124 
are periodically scanned by CPU 110 and stored, 
as are the data inputs from governor controller 1 20 
and power monitor means 130 and 132. In this 
way. present operating condition data regarding the 
cogeneration system is maintained in RAM 114. 

Control outputs to control the thermal and elec- 
trical outputs of the operation of the engine means 
12 and generator means 14 are provided by output 
driver, means 128 to the output devices. Such out- 
puts include starting control outputs to starter 44, 
ignition outputs to ignition means 45 and contactor 
control outputs to contactor 50. Output means 128 
includes means for converting control data present 
on bus 158 to output signals of the form required 
to actuate the output devices. 

Control means 160 further includes governor 



control means 120, generator power monitor means 
130, and utility power monitor means 132. The 
inputs of these elements could be supplied to the 
analog input means 122, and their functions per- 

5 formed by CPU 110 and output driver means 128 
under the control of a stored program. However, 
such an approach would require sufficient CPU 
time to perform the power monitoring and. governor 
functions that they and other control means func- 

io tions would in general operate excessively slowly. 
Therefore, in the preferred embodiment shown in 
Figure 2, the power monitoring and governor func- 
tions are provided by separate dedicated circuit 
assemblies functioning as intelligent slaves to CPU 

;5 110. They each comprise a CPU, ROM, and RAM. 

Governor controller 120 receives an engine 
speed-related input from RPM sensor 96. RPM 
sensor 96 may comprise a magnetic pickup sens- 
ing the passage of teeth of the flywheel of engine 

20 means 12. Governor controller 120 is periodically 
scanned by CPU 110 which inputs RPM data from 
controller 120. CPU 110 computes an updated en- 
gine speed setpoint to satisfy power output de- 
mand in response to the speed input data in accorr 

25 dance with a stored feedback control program, and 
transmits the updated speed setpoint to govern 
controller 120. Governor controller 120 transmits 
fuel control output signals to fuel control means 48 
in accordance with the speed setpoint data re- 

30 ceived and a stored program. Thus the power 
output of the cogeneration system may be feed- 
back controlled (in modes described more fully 
hereinafter) by the supervisory means of the 
present invention. Desirably two sets of speed con- 
as trol coefficients used in generating fuel control out- 
puts are stored in memory in governor controller 
120. One of the sets is used when the generator is 
on-line, and the other set is used when the gener- 
ator is off-line, in order to obtain effective speed 

40 and power control in either state. Governor control- 
ler 120 also monitors for overspeed and under- 
speed alarm conditions of engine means 12 by 
comparison of RPM inputs from sensor means 96 
with stored underspeed and overspeed setpoints. 

45 in response to detected overspeed or underspeed 
alarm, conditions, alarm data representing same is 
generated and transmitted to CPU 110 when gov- 
ernor controller 120 is polled by CPU 110. Gov- 
ernor controller 120 also desirably directly controls 

50 contactor 50 to decouple generator 14 from the 
distribution lines immediately upon detection of an 
alarm. This is desirably accomplished by an inter- 
lock comprising governor-controlled relay contacts 
in series with the contactor coil: a discrete output 

55 signal D3 indicates trie status of the interlock, i.e. * 
whether governor controller 120 has detected an 
alarm condition. Alternatively, of course. CPU 100 
may cause output driver 128 to generate the 
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contactor-opening output in response to such dis- 
crete alarm input D3. 

In accordance with an important aspect of the 
invention, the supervisory means 16 monitors ther- 
mal power and/or energy supplied to load 18. Tem- 
perature sensors 62 and 60 measure the tempera- 
tures of the heat transfer fluid in supply line 140 
and return line 142, respectively, of the customer 
loop and flow sensor 64 measures the flow thereth- 
rough. The analog outputs A1 , A2 and A9. respec- 
tively, of these sensors are supplied to control 
means 160 via analog input means 122. CPU 110 
acquires data representing these temperature and 
flow variables as it periodically scans the analog 
inputs, computes the temperature difference, and 
multiplies this difference by the flow rate to com- 
pute thermal power being delivered to load 18. 
CPU 110 also integrates the computed thermal 
power to compute thermal energy deliver to load 
18. Measured and computed thermal data are 
stored in RAM 1 14. 

RAM 1 1 4 may also be provided with data re- 
presenting the per-unit cost of thermal energy at 
the site, in which case the control means may also 
compute the value of the thermal energy provided 
by operation of the cogeneration system. Alter- 
natively, the thermal energy data may be transmit- 
ted to a remote location via remote I/O means 138, 
and the value of thermal energy computed there; 
the raw temperature and flow data may even be 
transmitted to a remote location, and all computa- 
tions performed there. 

In accordance with another important aspect of 
the invention, control means 160 includes means 
for monitoring the electrical power and energy sup- 
plied to distribution lines 8 by generator means 1 4 
and by central generating station 2. It should be 
noted that the electrical power and energy con- 
sumed by load 4 is equal to the sum of the power 
and energy supplied by generator means 14 and 
by central generating station 2, and thus monitoring 
these variables at any two of these locations en- 
ables computation and monitoring of the variables 
at the third. Thus, all electrical variables may be 
monitored by directly monitoring utility data 30 and 
load data 29 and computing generator data; by 
directly monitoring load data 29 and generator data 
28 and computing utility data; as shown in figure 2 
by directly monitoring utility data 30 and generator 
data 28 and com puting load data; or by directly 
monitoring data 28, 29 and 30. In practice, it is 
preferable to directly monitor the generator and 
utility electrical data, and compute the load elec- 
trical data. Direct monitoring of generator output 
enables better control over cogenerator operation. 
Direct monitoring of utility data permits direct de- 
tection of utility faults requiring control action, and 
since utility data is to be controlled in certain 
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modes of operation of the cogeneration system, its 
direct monitoring is advantageous. Also, in reality 
electrical loads are distributed along lines 8 rather 
than lumped as shown in the scheme of Figure 2. 

5 Direct monitoring of the generator and utility data 
and computation of the load data permits the 
cogenerator output to be coupled to the distribution 
line 8 at any point thereof, and the load, utility and 
generator data monitored with measurements at 

io only two places. If load data were monitored rather 
than computed in such a system, multiple load 
monitoring devices would generally be required. 
Thus, while directly monitoring the electrical data of 
any two of the locations and computation of the 

75 data at the third are functional equivalents and 
equivalent to monitoring data at all three places, 
the apparatus of Fig. 2 has practical advantages. 

At the points where electrical data is to be 
monitored, voltage and current sensors are coupled 

20 to the electrical lines. Voltage sensor 100 and 
current sensor 98 provide generator output voltage 
and current signals to generator power monitor 
means 130, and voltage sensor 104 and current 
sensor 102 provide utility voltage and current sig- 

25 nals to utility power monitor means 132. Current 
sensors 98 and 102 desirably comprise current 
transformers, and voltage sensors 1 00 and 1 04 
desirably comprise potential transformers, thereby 
providing frequency and phase information as well 

30 as amplitude information to the power monitoring 
means. In general, the power lines will be three- 
phase lines, and the voltage current sensors will 
comprise sensors for each phase. 

Power monitor means 130 and 132 each com- 

35 prise means for computing the power in their asso- 
ciated line on the basis of their voltage and current 
input signals. Desirably, the power is computed by 
integrating the product of the voltage and current 
signals over an integral number of line cycles. A 

40 preferred form of power computation circuitry is 
shown in Figure 3 and described hereinafter. Data 
representing electrical power is presented to bus 
158 by monitoring means 130 and 132 when the 
monitoring means are polled by CPU 110, and the 

45 electrical power data is stored in RAM 114. CPU 
110 computes and stores the electrical energy sup- 
plied by the generator and the utility over a pre- 
determined time period by integrating the power 
data over such period. Alternatively, of course, the 

so electrical energy may be computed by monitoring 
means 130 and 132. and presented as data to bus 
1 58. 

In accordance with another important aspect of 
the invention, RAM 114 contains data representing 
55 the electrical rate structure of the utility supplying 
the site, and control means 160 includes real time 
clock means 118 for supplying real time signals to 
bus 158. In the supervisory means of the present 
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invention, these elements permit documentation of 
the basis for utility billings of the site and of the 
basis for what the utility billings would have been 
absent the cogeneration system, and thus, of the 
basis for the economic benefit obtained by the site 
owner by virtue of the cogeneration system. The 
stored rate structure data includes data represent- 
ing the times at which different energy rates are in 
effect, e.g. the times of peak, intermediate, and off- 
peak rates. Data representing utility, generator, and 
load energy is separately accumulated in RAM 1 1 4 
separately for peak, intermediate, and off-peak 
periods, as determined by comparison of the real 
time data from clock means 1 1 8 with the stored 
utility rate structure data. Separate accumulation of 
the energy data enables computation, by multipli- 
cation of the peak, intermediate, and off-peak utility 
energy usage by the peak, intermediate, and off- 
peak utility rates, of the value of electrical energy 
supplied by the utility, i.e. documentation and ver- 
ification of the basis for utility energy billing. Also, 
by an analogous computation based on the peak, 
intermediate, and off-peak electrical energy con- 
sumption by site load 4, the value of electrical 
energy consumed by the site may be documented 
and verified. Since the entire site consumption 
would have been supplied by the utility if the 
cogeneration system were not present and oper- 
ational, the difference between the above values 
represents the savings occasioned by the 
cogeneration system in utility energy billings. If 
utility billings are based solely on energy usage, 
then the savings occasioned by the cogeneration 
system may be computed on the basis of the 
generator energy data. Such computations may be 
performed by CPU 110 if provided with data repre- 
senting the peak, intermediate, and off-peak rates; 
if not, computing means elsewhere may perform 
such computations based on output of the energy 
data stored in RAM 114. 

Also included in the stored utility rate structure 
data in RAM 114 is data representing the time 
during which the utility measures peak site de- 
mand. During such times, as determined by com- 
parison by CPU 110 of real time data from clock 
means 118 with the stored peak demand measur- 
ing times. CPU 1 10 monitors power data from 
monitoring means 130 and 132 and stores data 
representing the peak utility power and load power 
occurring during such demand measuring periods. 
Such data enables computation of the demand 
charges which will be incurred due to actual site 
demand, and of the demand charges which would 
have been incurred had the cogeneration system 
not been present and operational during the de- 
mand measuring period, i.e. based on total site 
demand. As has been noted, such demand charges 
may be effected by direct charges or by adjust- 



ments to energy rates or both. If RAM 114 is 
provided with utility rate structure data representing 
the mode of demand charging, CPU may compute 
the effect of site demand by computing adjust- 

.5 ments to energy rates based on demand or by 
computing direct demand charges; alternatively, of 
course, such computations may be made else- 
where based on the stored data representing load 
and utility power during demand measuring 

10 periods. 

In accordance with the above, the cogeneration 
system of the present invention, by monitoring 
peak, intermediate, and off-peak utility and load 
power, and monitoring utility and load power during 

js demand measuring periods, enables computation 
and documentation of the effect on utility billings of 
operation of the cogeneration system. Further, 
monitoring these parameters enables the system of 
the present invention to effect strategies to mioi- 

20 mize utility billing, by operating in control modes 
wherein these parameters are controlled. 

In accordance with control mode data stored in 
RAM 1 1 4, such as may be input as a setup param- 
eter by an operator, the cogeneration system of the 

25 present invention may operate in an automatic 
mode and in a maximum mode. In the maximum 
mode, when the generator means 14 is coupled to 
the line, the speed setpoint transmitted to governor 
controller 120 is a setpoint for maximum power 

30 output, which setpoint is stored in RAM 114 as a 
setup parameter. The maximum mode is appro- 
priate when there is an agreement between the 
utility and the site owner for the utility to buy power 
from the site and it is economically advantageous 

35 for the site to sell excess power. When the gener- 
ator output at maximum exceeds the demand of 
site load 4, the excess power generated will flow 
from the site to the utility over utility distribution 
lines 6. Normally, however, the system will be 

40 operated in the automatic mode, wherein the gen- 
erator output is feedback controlled. Generally, the 
output condition to be achieved by feed-back con- 
trol is where the generator 14 supports the entire 
load 4. i.e. no power delivered from the utility to 

45 the site and no reverse power delivered to . the 
utility from the site. In the automatic mode, utility 
power data is periodicaJly input by CPU 1 1 0 when 
polling utility power monitor means 132. CPU com- 
putes an updated speed setpoint based on the 

so utility power so as to adjust the utility power to 
zero and transmits the setpoint to governor control- 
ler 120, which outputs the appropriate fuel control 
signals to fuel control means 48. Desirably. CPU 
110 computes updated setpoints in accordance 

55 with . a proportional-integral-derivative (PID) algo- 
rithm according to PID parameters stored in RAM 
.114. If generator 14 is unable to support the entire 
load 4, the speed setpoint will increase to its 
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maximum-output value, and excess power demand- 
ed by load 4 will be supplied by the utility. 

By comparison of real time data with the data 
representing the time of peak energy rate periods, 
CPU 110 may control the system to be on-line (in 
either mode) during such peak energy rate periods, 
when the economic benefit to the site owner of a 
kilowatt-hour supplied by the cogeneration system 
is the greatest Also, by comparison of real time 
data with stored demand measuring period data, 
CPU 110 may control the system to be on-line 
during such demand measuring periods, when the 
economic benefit to the site owner of a kilowatt 
supplied by the cogeneration system is the great- 
est. When on-line during demand measuring 
periods, supervisory means 16 may operate in 
either the peak mode or the automatic mode; if in 
the automatic mode, instead of regulating to 
achieve a zero utility power condition, it may regu- 
late to a nonzero utility power setpoint which is 
either stored as a setup parameter or determined 
by CPU 110 as the highest peak utility power 
registered during demand measuring periods over 
a preceding time interval. 

Real time data from clock means 118 also 
permits data, such as alarm event data, power and 
energy data, and data representing operationally 
significant events, to be stored in association with 
data representing the time of occurrence of such 
events. Such data can be extremely useful in ana- 
lyzing system operation and diagnosing system 
faults, malfunctions, or other operational anomalies. 

In either of the above control schemes wherein 
electrical output is controlled, operation of the 
cogenerator to produce the required electrical out- 
put may produce more thermal power output than 
is required to satisfy the demand of thermal load 
18. In this situation, either the cogenerator must be 
shut, down or the excess thermal output must be 
accounted for. To this end, the intermediate loop 
apparatus shown in Fig. 2a, including valves 150 
and 1 52 and heat sink means 1 54, may be pro- 
vided. When thermal load 1-8 can absorb the entire 
output of the cogenerator, valve 152 is open and 
valve 1 50 is closed to permit the entire heat output 
of the cogenerator to be supplied to heat exchang- 
er 40. When the thermal load 18 cannot absorb the 
output of the cogenerator, control outputs from 
output driver means 1 28 cause valve 1 52 to close 
and valve 150 to open, diverting intermediate loop 
heat transfer fluid to heat sink means 154. Heat 
sink means 154 may comprise a radiator to dis- 
pose of the excess heat, or an accumulator such as 
a fluid reservoir to store the excess heat. Stored 
excess heat may be supplied to heat exchanger 40 
when load thermal demand is greater than 
cogenerator output, or when thermal output is re- 
quired and the engine means 12 is off. It will be 
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understood that the apparatus of Fig. 2a, operating 
as described, is merely an example of means for 
removing heat output in excess of demand from 
the cogeneration system, and that other arrange- 

s ments and components to provide this function, 
such as proportional value control or a separate 
fluid loop for heat storage, will no doubt occur to 
one skilled in the art 

' As an alternative to the above control schemes 

w wherein the electrical output of the cogenerator is 
the primarily controlled variable, the supervisory 
means 16 may also primarily control the thermal 
output of the cogenerator, data being stored in 
RAM 1 1 4 to designate the control mode v as thermal 

75 or electrical. Thus, an analog temperature sensor 
or thermostat may provide analog or discrete in- 
puts to control means 160 relating the thermal 
demand of load 18, and CPU 110 may generate 
control outputs via output driver 128 to control 

20 operation of engine means 12 in an on-off 
(maximum mode) or continuously varying 
(automatic mode) fashion so as to satisfy the ther- 
mal demand. Thermal demand inputs may be pro- 
vided by temperature sensors 60 and/or 62 in the 

25 customer loop, or by sensors (not shown) provided 
at the load 18. When such a thermal control - 
scheme is employed, the apparatus of Fig. 2a need 
not be provided, but may still be useful, for exam- 
ple, if the peak thermal demand is greater than the 

30 maximum cogenerator thermal output, but the aver- 
age thermal demand is less than the maximum 
output. 

In order for a cogeneration system to provide 
the greatest energy cost savings, it must be avail- 
as able to go on line as much of the time as possible. 
Thus, in addition to being designed with intrinsi- 
cally high reliability, it is highly desirable for the 
system to detect malfunctions or other anomalous 
operating conditions, quickly shut down upon a 
40 malfunction to prevent damage or unsafe operating 
conditions, and be quickly repaired if necessary 
and returned to service. To this end, power monitor 
• means 130 and 132 also monitor for failures or 
other anomalous operating conditions manifested in 
45 distribution lines 6 and in the generator output, and 
generate alarm outputs upon detection of such 
conditions. As has been noted, monitor means 130 
and 132 function as intelligent slaves to CPU 110 
and thus desirably comprise ROM and RAM for 
so program and data storage and a CPU for control 
and execution. Monitor means 130 and 132 gen- 
erate alarm outputs D6 and 07 in response to 
overvoltage, undervoltage, improper phase se- 
quence, current imbalance, overfrequency, under- 
55 frequency, reverse power, and overcurrent con- 
ditions in the monitored lines, by comparison of 
data representing the monitored conditions derived 
from the voltage and current sensors with stored 
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alarm limit setpoint data. If the line phase sequence 
is not 1-2-3, an alarm is immediately generated. 
For each of the other monitored conditions set forth 
above, data representing a setpoint value and a trip 
time value is stored in RAM. Data representing the 
value of the monitored condition, derived from the 
voltage and current input signals, is compared with 
the stored setpoint value. If the comparison in- 
dicates an alarm condition, a trip timer is started. If 
the monitored condition recovers from the alarm 
condition before the trip timer times out the trip 
timer is reset and no alarm output is generated. If 
the trip timer times out before the monitored con- 
dition recovers, an alarm output signal is gen- 
erated, and data representing the monitored con- 
dition which caused the alarm is provided to bus 
158 when the monitor means is polled by CPU 
110. Alarm data is stored in RAM 114 together with 
the time of the alarm. Upon occurrence of an 
alarm, cogenerator control action is taken in a 
manner discussed more fully hereinafter. Desirably 
such control action includes immediately decoupl- 
ing generator 14 from the distribution lines. As with 
the governor controller 120, this is desirably ac- 
complished by providing an interlock comprising 
power monitor-controlled relay contacts in series 
with the coil of con tactor 50. With such apparatus, 
control means 160 is apprised of an alarm detected 
by governor controller 160 or monitor means 130 
or 132 when it scans discrete output 02 indicating 
the contactor state. If CPU 110 did not generate 
the output to contactor 50 to decouple the gener- 
ator, it polls the governor controller and monitor 
means to determine which of them did and the 
alarm conditions which caused the decoupling ac- 
tion. CPU 110 may also be apprised of the occur- 
rence of an alarm by governor controller 160 or 
monitor means 130 or 132 when scanning discrete 
inputs 03, 06, and D7, respectively. 

For the overcurrent condition, instead of a fixed 
trip time stored in RAM, desirably the trip time 
varies inversely according to the degree to which 
the measured current exceeds the overcurrent set- 
point. Such variable trip times may be computed or 
derived from stored data in response to an overcur- 
rent condition. In this way, larger overcurrent con- 
ditions generate an alarm more quickly than small- 
er overcurrent conditions. 

In addition to protection of the cogeneration 
system, the above-described . condition monitoring 
functions enable the cogeneration system of the 
present invention to satisfy utility interface require- 
ments. Utilities have the right to establish interface 
specifications required of generating equipment 
connected to their lines. Such interface specifica- 
tions generally include requirements for the mon- 
itored conditions described above, including set- 
points and trip time parameters within which the 



equipment must be disconnected from the line in 
the event of a fault. Compliance with such speci- 
fications has in the past generally been accom- 
plished by electromechanical protective relays. 

s This solution is expensive since such relays are 
quite costly, and large numbers of them are re: 
quired to monitor all conditions. In contrast, im- 
plementing such functions electronically in the su- 
pervisory means of the present invention is rela- 

io tively inexpensive, and may be expected to enjoy 
the superior reliability and accuracy of electronic 
devices over electromechanical devices. Further, 
since the setpoints, trip times, and other param- 
eters for generating an alarm are stored in RAM 

t$ and thus may be altered at will, the control means 
160 of the present invention is easily configured 
and reconfigured to comply with utility interface 
specification or other requirements. 

In addition to measuring the customer loop 

20 temperature and flow, line voltage and current, and 
engine RPM variables as described above, the 
supervisory means 16 of the present invention also 
comprises means for monitoring other cogenerator 
operating condition variables for purposes of sys- 

25 tern control, detection of anomalous or faulty op- 
erating conditions, and system diagnosis. The sys- 
tem of Figure 2 includes intermediate loop tem- 
perature sensors 66 and 68 providing analog out- 
puts A3 and A4, low and high pressure sensors 70 

30 and 72 providing discrete outputs D1 0 and D1 f, 
and low flow sensor 74 providing discrete output 
012. It further includes engine sensors including 
coolant temperature sensor 82 providing analog 
output A5. oil temperature sensor 84 providing ana- 

35 log output A6. engine compartment air temperature 
sensor 36 providing analog output A7. oil pressure 
sensor 88 providing analog output A8. vibration 
sensor 90 providing analog output A9, low coolant 
flow sensor 92 providing discrete output 08. _ and 

40 low oil level sensor 94 providing discrete output 
D9. The system of Figure 2 further includes battery 
voltage sensor 76 providing analog output A10, and 
generator high temperature sensor 78 providing 
discrete output 04. As has been noted, a discrete 

45 output 02 is provided from contactor 50 to indicate 
its state and interlock outputs 03, 06. and 7 are 
provided from governor controller 1 20 and monitor- 
ing means 130 and 132 to indicate their alarm 
state. Finally, the air temperature of a housing 

so containing the electronic components comprising 
control means 160 may be measured by tempera- 
ture sensor 86 providing analog output A12. Desir- 
ably the electronic components comprising control 
means 160 are CMOS components, whose low 

55 power consumption will minimize the likelihood of 
component-generated heat causing an overtem- 
perature problem. 

As has been indicated, the analog and discrete 
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outputs of the sensors are coupled to analog and 
digital input means 122 and 124, whose outputs 
are periodically and repetitively scanned by CPU 
110. Also coupled to digital input means 124 are 
two push-button switch inputs. Switch 51 provides 
an emergency stop input 01 enabling an operator 
to shut down the cogenerator. Reset switch S2 
enables an operator to reset CPU 1 1 0. 

Control means 160 also comprises a set of 
mode switches S3-S10 which permit an operator to 
operate and control the system through switch ac- 
tuation as well as through data entry at the key- 
board of local terminal I/O means 134. S4 is an on- 
off switch for the supervisory means 16; when on. 
the system functions autonomously according to its 
input and control program. S5 when actuated 
places the system in a maintenance mode, en- 
abling operation via the following switches. S10 
actuates circulating pump 148 to ensure engine 
cooling when the system is operated in the main- 
tenance mode. S9 actuates ignition means 45 and 
fuel control means 48, and S8 actuates starter 
means 44 to start engine means 12. S7 actuated 
contactor 50 to couple and decouple the generator 
means 14 from the line. S3 selects the automatic 
or maximum operating mode. S6 enables the per- 
formance of testing operations. Switches S3-S10 
are coupled to bus 158 by switch input means 126, 
which provides signal conditioning such as optical 
isolation of the switch inputs. While switches Si- 
Si 0 are shown unconnected on one end, it will be 
understood that they are each provided with other 
circuitry to convert the switch closure conditions 
into detectable signals. For instance, such other 
circuitry may comprise a connection to a power 
supply potential and current limiting resistance in 
series with an optical isolator input LED. 

Autonomous operation of the system will now 
be described.. If means engine 12 is stopped and 
conditions occur requiring starting, such as time 
approaching a peak demand interval or heat being 
required by thermal load 18, then certain start- 
permissive inputs are compared with stored data to 
ensure that the cogenerator may be started and 
connected on line. Such inputs include intermedi- 
ate loop flow, engine oil level, and utility alarms. If 
such inputs are proper, control signals are output 
by output driver means 128 to starter means 44 to 
crank the engine means 12, to enable ignition 
means 1 45, and to fuel control 48 to supply fuel to 
the engine means. If the RPM input exceeds a 
predetermined amount within a predetermined 
time, the engine has been successfully started, and 
stored data for the number of engine starts may be 
incremented. If starting has not been successful, 
the system is returned to the off state- and. after a 
predetermined wait interval, may be attempted to 
be restarted. After starting, the engine is idled for a 



predetermined period to ensure that it has been 
successfully started. CPU 110 then increases its 
speed setpoint output, and the fuel control output 
of governor control 1 20 is thus varied to accelerate 

5 engine means 12 until the RPM input indicates that 
generator means 14 is at line synchronous speed. 
CPU 110 then causes output driver means 128 to 
.provide an output to contactor 50 causing it to 
close, bringing the cogenerator on line. Stored data 

70 for the number of on-line events may be incre- 
mented. The engine is then idled at line synchro- 
nous speed, to warm it up, until the sensed engine 
coolant temperature exceeds a predetermined 
amount. When this occurs, a fuel control output is 

rs generated to increase the speed of engine means 
12 above line synchronous speed, thus causing 
generator means 14 to deliver electrical power to 
line 8, in accordance with inputs pertinent to the 
operating control mode of the system, i.e. control 

20 of the thermal output or control of the electrical 
output of the cogenerator in the automatic or maxi- 
mum mode. When such inputs indicate that the 
cogenerator should be brought off line, this may be 
accomplished by essentially the reverse of the 

25 above procedure. Stored data representing engine 
running time may then be updated. 

While engine means 12 is being operated, the 
analog and digital inputs and the data inputs from 
monitor means 130 and 132 are continuously re- 

30 petitively scanned and stored. These inputs are 
also compared with stored data indicating alarm 
limits for the operating conditions related to the 
inputs. If such a comparison indicates that an alarm 
condition, i.e. a malfunction or anomaJous operating 

35 condition, exists, then data is stored indicating the 
nature of the alarm condition and the time of its 
occurrence. Also, one of three types of control 
action is taken, depending on the nature of the 
alarm condition occurring. Alarm conditions cor- 

40 responding to the three types of control action may 
be generally categorized as engine, generator, and 
utility faults. For engine faults, generator means 14 
is immediately disconnected from the distribution 
lines by a control output from driver means 128 to 

45 open contactor 50, and engine means 12 is imme- 
diately stopped by a control output to fuel control 
means 48 to cut off fuel to engine means 12. For 
generator faults, generator means 14 is immedi- 
ately disconnected from the distribution lines and 

so engine means 12 is shut down in a controlled 
fashion, essentially the reverse of the previously 
described procedure whereby the cogenerator is 
brought on line. For utility faults, generator means 
14 is immediately disconnected from the distribu- 

55 tion lines, engine means 12 is idled at synchronous 
speed, and a timer is started. If within a predeter- 
mined stored time interval the utility fault has 
cleared, a reconnect attempt is made by closing 
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contactor 50 and accelerating engine means 12. in 
the manner previously described. If the utility fault 
has not cleared within the predetermined time, a 
controlled shutdown of engine means 12 is effec- 
ted. Utility faults include faults in the operating 
conditions monitored by utility power monitor 
means 132. Generator faults include faults in the 
operating conditions monitored by generator power 
monitor means 130 and generating temperature 
sensor 78. Other faults which result in the gener- 
ator fault control action are low intermediate loop 
flow monitored by sensor 74. high intermediate" 
loop temperature monitored by sensor 66, high and 
low intermediate loop pressures monitored by sen- 
sors 66 and 74, and high intermediate loop supply 
temperature monitored by sensor 66. Engine faults 
include low oil pressure or level or high oil tem- 
perature monitored by sensors 88, 94 and 84, 
engine overspeed or underspeed monitored by 
sensor 96, low coolant flow or high coolant tem- 
perature monitored. by sensors 92 and 82, high 
engine vibration monitored by sensor 90, and high 
engine compartment air temperature monitored by 
sensor 86. Also resulting in engine fault control 
action is actuation of emergency stop pushbutton 
SI. 

As has been mentioned, operating condition 
data measured by the sensors or derived from 
such measurements is periodically stored in RAM 
114. Such operating condition data may be in the 
form of present values and/or values accumulated 
or averaged over a time interval, and may be 
stored in association with data representing the 
time at which such data was obtained. Desirably 
the operating condition data includes the data in 
the categories set forth below. 

An alarm history log includes data representing 
the times of occurrence and nature of alarm con- 
dition for each alarm detected by supervisory 
means 16. Data representing the number of occur- 
rence of each alarm condition may also be stored. 

An operational history log includes data repre- 
senting operationally significant events, the times 
of occurrence of such events, and the reasons for 
(operating conditions causing) such events. Such 
events include starting and stopping of engine 
means 12. 

As energy/power log includes data represent- 
ing the energy and/or power supplied by the utility 
and cogenerator are demanded by the site loads. 
Electrical data is desirably stored in four cate- 
gories, relating to utility peak, intermediate, and off- 
peak hours, and a total. Such data is desirably 
stored once per day and maintained in a queue 
containing data for a predetermined number of 
previous days. Such data includes data for the 
previous day and desirably also contains cumula- 
tive and peak data occurring over a predetermined 



number of previous days. Such data includes the 
electrical energy supplied by the utility and by 
generator means 14. and may include the electrical 
energy consumed by the load 4. It further includes 

5 data representing the thermal energy supplied to 
load 18 by the cogeneration system. It further 
includes the peak electrical power demand of load 
4. and the peak demand occurring when the 
cogeneration system was off-line. Also desirably 

/o included in the energy/power log is a site load 
profile, consisting of the power demand of load 4 
for the previous day at periodic sampling intervals, 
such as at 15 minute intervals. 

As has been noted, RAM 114 contains data 

is representing the rate structure of the utility servic- 
ing the cogenerator site. Such data includes the 
times at which peak, intermediate, and off-peak 
energy rates are in effect, and the times at which 
peak power demand is measured by the utility for 

20 purposes of direct charges based on peak demand 
or adjustments to energy rates based on peak 
demand. If RAM 1 14 includes data representing the 
rates and charges applicable to various utility en- 
ergy consumption and power demand conditions. 

25 then CPU 110 may compute and RAM 114 may 
store in the energy/power log data representing the 
electrical energy charges which the utility would 
have billed to the site had the cogeneration system 
not been in place, and the electrical energy 

30 charges which the utility will bill to the site based 
on its actual power and energy demand from the 
utility. The difference between such charges repre- 
sents the electrical energy cost savings effected by 
operation of the cogeneration system. Of course, 

35 such rate and charge data need not be stored in 
RAM 1 1 4; the electrical energy charges and sav- 
ings described may be computed elsewhere based 
on the other data stored in the power energy log. 
Similarly, the alarm history, operating conditions, 

40 and energy/power logs need not be stored in RAM 
1 1 4 but may maintained elsewhere in a remote 
memory in accordance with data transmitted by 
supervisory means 16 as it is obtained. However, 
while such remote storage is functionally equivalent 

45 to storage in RAM 114, it is preferable to store 
such data in RAM 1 1 4 where it may be accessed 
locally during cogenerator diagnosis, maintenance, 
and testing as well as remotely accessed. 

Supervisory means 16 includes . three 

so input/output (I/O) means for data interchange with 
control means 160. Local terminal I/O means 134 
comprises keyboard means for supplying data to 
bus means 158 and display means for displaying 
data present on bus means 158. Remote I/O 

55 means 138 comprises means for coupling bus 158 
with a communication channel 166 for data inter- 
change with a remote terminal or computer. Com- 
munication channel 166 may be a telephone or 

11 
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radio channel, in which cases remote I/O means 
138 will comprise a telephone or radio modem. I/O 
means 134 and 138 enable a local or remote 
operator to access and display stored data repre- 
senting the present measured or computed operat- 
ing condition variables of the cogeneration system, 
as well as data in the alarm, operational history, 
and energy/power logs. Also via the I/O means, 
stored data representing cogeneration system set- 
up parameters may be displayed and altered if 
desired by an operator to reconfigure the system. 
Such set-up parameters may include cogenerator 
specifications, such as its rated voltage, current, 
power, and speed. They may also include calibra- 
tion data relating to the sensors. The set-up param- 
eters may further include alarm set points or alarm 
states for the analog and discrete operating con- 
ditions monitored by control means 160. The setup 
parameters may also include control parameters for 
the various possible operating modes of the sys- 
tem, such , as parameters for proportional-integral- 
derivative control of the thermal or electrical output. 
In addition to display of operating conditions and 
the like upon input by an operator requesting 
same, the control means 160 also automatically 
generates alarm outputs, at local terminal 134 and 
at a remote terminal via remote I/O means 138, 
immediately upon detection of an alarm condition. 
This enables an operator to immediately take steps 
to return the cogeneration system to proper oper- 
ational condition. This may be extremely important 
where, for instance, a utility peak demand measur- 
ing period is upcoming; if the cogeneration system 
is not returned to service prior to the start of such 
period, a large peak demand supplied solely by the 
utility during such period can radically affect utility 
charges for a month or for a year. In such cir- 
cumstance, the ability to learn of an alarm at a 
remote location and to diagnose the cogeneration 
system by displaying the stored data and by op- 
erating the system is extremely important. For in- 
stance, many alarms may turn out to be false 
alarms or alarms not preventing the system from 
being placed on line. In such circumstances, an 
operator may determine such and supply inputs in 
order to return the system to service from a remote 
location, saving the time and expense of a service 
trip to the site and avoiding the possibility of an 
unnecessary high utility-supplied peak. If an alarm 
is determined to in fact be due to a defective 
system component, then the nature of such defect 
may be remotely determined and repair personnel 
quickly dispatched to the site prepared to remedy 
the detected fault. In this manner, the cogeneration 
system of the present invention provides means for 
maintaining the system available on line with a high 
degree of reliability. 

Figure 3 shows schematically the preferred 



embodiment of power monitoring means 130 and 
132 of Figure 2. The secondary winding 186 of a 
potential transformer coupled to phase i of the 
monitored lines provides a voltage signal v- repre- 

5 senting the voltage on phase 1 of the monitored 
lines. The secondary winding 188 of a current 
transformer coupled to phase 1 of the monitored 
lines provides a current signal h representing the 
current in phase 1 the monitored lines; i< flows 

ro through resistance 190, generating a voltage signal 
proportional to h which voltage signal is buffered 
by amplifier 192 to generate a low - impedance 
voltage signal proportional to it designated ir. The 
vt and it* signals are applied to the inputs of a four 

75 - channel differential multiplexer 170. Multiplexer 
170 coupled pairs of inputs 1A and 1B, 2A and 2B, 
etc. to the outputs A and B in accordance with the 
selection signals 00. 01. etc. present at inputs SO. 
SI. The outputs A. B of the multiplexer 170 are 

20 coupled to the inputs of analog multiplier 172. 
Because inputs 1A and 1B are both coupled to vi, 
when these inputs are selected the output of multi- 
plier 172 is proportional to vi, X vi. Similarly, 
because inputs 3A and 3B are both coupled to it*, 

25 when these inputs are selected the output of multi- 
plier 172 is proportional to ir X ir. When inputs 2A 
and 2B are selected, the output of multiplier 172 is 
proportional to vt Xi Selection of inputs 4A and 
48, both coupled to circuit common, enables a 

30 reference output to be generated which may be 
used to compensate for measurement errors intro- 
duced by the circuit components. 

The product output of multiplier 172 is coupled 
to the input of voltage-to-frequency (V/F) converter 

35 174 t which is provided with a clock input from 
clock 194. The output of V/F converter 174, a 
series of clock pulses whose frequency is propor- 
tional to the voltage input to converter 174. is 
coupled to the input of a counter 176. Counter 176 

40 is gated by a gating input G derived from the vi 
signal. The gating signal is a square wave signal at 
half the line frequency and is generated by squar- 

- — ing means such" as hysteresis amplifier 178 and 
binary divider 180. Thus the counter accumulates 

45 over each line period a count proportional to the 
integral of the product output of multiplier 172 over 
such line period. The counter output is supplied to 
the data bus of microcontroller 182. which may be 
an 80C31 microcontroller which comprises CPU, 

so RAM, ROM, and other functions including an 8-bit 
I/O port, two bits of which are used to generate the 
SO and S1 selection signals. Microcontroller 182 
computes the square root of the count output from 
counter 176. 

55 Thus, by selecting the v< and it signals as 

described, multiplying them in multiplier 172, in- 
tegrating them in V/F converter 174 and counter 
176 over one line period, and taking the square 
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root in microcontroller 182, the power monitoring 
circuitry shown in Figure 3 computes in one period 
the RMS voltage, current, or power present on 
phase 1. 

The phase 1 RMS voltage, current, and power 
data is compared with setpoint data stored in 
microcontroller 182 to detect overvoltage, undervol- 
tage, reverse power, and overcurrent alarm con- 
ditions for phase 1 . The phase 1 components with- 
in the dotted block are duplicated for phases 2 and 
3 so as to monitor the RMS voltage, current and 
power (and corresponding alarm conditions) of 
these phases also. Desirably counter 176 com- 
prises three counters whereby one component may 
provide the counting function for all phases, an 
address signal from microcontroller 182 selecting 
which counter is coupled to the data bus; other- 
wise, the counting function provided by counter 
176 must be duplicated for phases 2 and 3 by 
other means. 

The gating signal output from binary divider 
180 is also coupled to the input TO of a gated 
timer included in microcontroller 182. The gated 
timer provides high resolution data representing the 
period of phase 1, which is compared with alarm 
limit setpoint data to detect overfrequency and 
underfrequency alarm conditions. 

Secondary winding 196 of a potential trans- 
former coupled to phase 2 is coupled to squaring 
means 1 98 such as a. hysteresis amplifier to pro- 
vide a square wave output in phase with the volt- 
age of phase 2. The output of squaring means 198 
is coupled to one bit of the I/O port of microcontrol- 
ler 182 and its state determined at transitions of the 
gating signal derived from vi . The state of the 
output of squaring means 198 at the gating signal 
transitions indicates whether V2 is leading or lag- 
ging vj , and thus indicates whether the phase 
sequence of the monitored lines is proper. If im- 
proper, an alarm output is immediately generated. 

The ir output of amplifier 192 is coupled to 
another squaring means 194 such as a hysteresis 
amplifier to generate a square wave output signal 
in phase with ii which is coupled to another bit of 
the I/O port of microcontroller 182. Microcontroller 
182 computes the phase angle of the. phase 1 
power by comparing the transition times of the 
phase 1 voltage and current signals. With phase 
angle data, microcontroller 182 may compute the 
real power, imaginary power, KVA, and power fac- 
tory of phase 1 . 

Microcontroller 182 and CPU 110 may operate 
asynchronously: I/O buffer means 184 is provided 
to permit data interchange between the two proces- 
sors. Buffer means 184 comprises a pair of one- 
byte FIFO buffers into which each of the proces- 
sors can deposit data for transfer to the other, and 
means for interrupting the non-depositing proces- 



sor and presenting the deposited data to its data 
bus. 

The power monitor circuitry of Figure 4 further 
includes interlock means 199. which receives an 

5 alarm output from one bit of the I/O port of micro- 
controller 182 upon the occurrence of any alarm. 
Interlock means 199 comprises relay means includ- 
ing a pair of contacts coupled in series with the coil 
of contactor 50, whereby the power monitor means 

10 may immediately decouple generator means 14 
from the line upon an alarm. Interlock means 199 
further may comprise means for generating a dis- 
crete output (D6 or D7 in Figure 2) upon the 
occurrence of an alarm, enabling CPU 110 when 

is scanning discrete input means 124 to determine 
which interlock experienced an alarm causing the 
system to go off line; if a power monitor interlock 
was responsible. CPU 1 1 0 may poll the responsible 
monitor means via I/O buffer 184 to determine the 

20 cause of the alarm. 

The power monitor means of Figure 4 enables 
acquisition and computation of all of the above- 
described electrical data and determination of the 
above-described alarm conditions, for all phases, in 

25 a period of .1 second. As described, the RMS 
voltage, current, and power measurements are 
each made over a 1 -cycle period; counter 176 
accumulates data for all 3 phases during the inter- 
vals where voltage, current, or power is measured. 

30 Thus, in a six line-period measuring cycle (e.g., 
voltage measurement; break; power measurement; 
break; current measurement; break) controlled inter 
aiia by selection signals SO and SI. the Figure 4 
apparatus makes all necessary measurements and 

as may make all necessary computations and com- 
parisons to perform the monitoring functions set 
forth for power monitor means 1 30 and 1 32. At the 
60 Hertz line frequency of the North American grid, 
the six line-period cycle is completed in .1 second. 

40 Because this time is shorter than all known utility 
interface specifications for the time within which 
connected cogeneration equipment must the dis- 
connected from the line in the event of a fault, the 
Figure 4 apparatus is capable of responding to the 

45 line faults herein described to meet utility specifica- 
tions without requiring numerous and expensive 
electromechanical protective relays. 

Figure 4 shows a block diagram of a cogenera- 
tion system according, to the present invention 

so which comprises a plurality of cogenerators 202. 
212. 222 each controlled by a supervisory means 
200, 210, 220. Such multiple cogenerator systems 
are desirable where the output of a single 
cogenerator is insufficient to satisfy site normal 

55 demand, or where wide dispersal of thermal loads 
at a site renders it inconvenient or uneconomical to 
supply them from a single cogenerator. In such a 
multiple cogenerator system, each . cogenerator 
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supplies power to a common thermal load 18 (or, 
as shown in phantom, to an assigned thermal load 
204, 21 4, 224) and supplies electrical power to the 
site distribution lines 8 to support the electrical load 
4 thereon. Each cogeneration unit (cogenerator and 5 
supervisory means) is constructed as shown in 
Figs. 1 and 2. Each cogeneration unit comprising 
the system is coupied to the others by local area 
network (lan) communication channel 1 64 to enable 
data interchange between the component units. to 
and control of the system in a coordinated fashion. 
Each cogenerator unit in the system transmits data 
to and receives data from the lan communication 
channel via its lan I/O means 136. Operation of the 
multiple-cogenerator system will now be described. /s 

When the multiple-cogenerator system is ini- 
tialized, a unique identifying number (1 , 2 and 3 in 
Fig. 4) is stored in memory in each cogeneration 
unit as well as a number designating the total 
number of units on site. Also, data is stored in each zo 
unit designating it as lan master or slave; one unit 
is designated as the lan master unit and the others 
are designated as slaves. The lan master accu- 
mulates power and energy output data and status 
data (on, off or alarm) from all units comprising the 25 
system. This is accomplished by periodic polling 
by the lan master of each cogeneration unit The 
lan master also determines the operating modes 
for itself and each other unit, as follows. One unit is 
designated, by command from the lan master, as 30 
the lead unit The lead unit is responsible for regu- 
lation of system output, either thermal or electrical 
depending on stored input from an operator. The 
designated lead unit accomplishes this regulation 
by operating in the automatic mode, i.e. varying its 35 
output in response to thermal or electrical feedback 
signals so as to achieve the system output required 
to satisfy the load requirements. If more output is 
required than can be supplied by the lead unit as 
determined by the lan master when polling the lead <*o 
unit, then the lan master transmits data over lan 
communication channel 164 to the next unit in 
numerical order instructing the next unit" to turn on 
and operate in the maximum mode. For instance, if 
unit 2 is the lead unit and is incapable of supplying 45 
system demand, the lan master will transmit data 
instructing unit 3 to turn on; unit 3 will operate at 
maximum output, and unit 2 will operate in the 
automatic mode, adjusting its output so that the 
combined output of units 2 and 3 satisfies the load so 
demand, if demand increases beyond that which 
can be supported by all operating units at maxi- 
mum output, additional units are turned on in nu- 
merical order in the maximum mode until the lead 
unit can provide regulation. For instance, if units 2 55 
and 3 cannot support the load, unit 1 will be turned 
on in the maximum mode, and unit 2 will continue 
to adjust it output to regulate system output. As 



load decreases, the lan master outputs data in- 
structing units to turn off, as required, in the re- 
verse of the order in which they were turned on, 
until the lead unit is able to regulate system output 

The lan master unit periodically, such as on a * 
daily basis, changes the designation of the lead 
unit, rotating the lead designation through the units 
of the system in numerical order. This feature 
tends to equalize run time and consequent wear 
among the units of the system. 

In the system of Figure 4, the individual units 
function sequentially, to control operation of the 
system. It thus differs from distributed control - 
schemes, wherein control is simultaneously shared 
by more than one unit; from central control - 
schemes, wherein a dedicated supervisory control- 
ler controls operation of multiple cogenerators; and 
from an assemblage of units at a site each of which 
is autonomous and which do not function together 
as a system. A particular advantage of such a 
system according to the present invention is that 
an extremely wide range of site demands may be 
accommodated with merely one design of 
cogeneration units, merely by selecting the number 
of units required to satisfy site demand, coupling 
them together via their lan communication channel 
164, and initializing them as described. Further, an 
installed system may be easily expanded or con- 
tracted to accommodate changing site demand. 

Desirably the lan master also controls all com- 
munication with a remote terminal via its remote I/O 
means 138, as well as between component units of 
the system. If one component unit enters the alarm 
state, the lan master transmits alarm information to 
the remote terminal. A remote operator can access 
data from the alarmed unit and transmit data there- 
to through the lan master's remote I/O means 138 
and the lan I/O channel 164, or alternatively, di- 
rectly from and to the alarmed unit via its remote 
I/O means 138. The lan master, in selecting the 
next unit in sequence to turn on or to assume lead 
unit status, bypasses units in the alarm state; pro- 
- vided that remaining units can satisfy site demand, 
the failure of one or more cogenerators does not 
affect the ability of the system to regulate its output 
as required. 

The system of Figure 4 provides further advan- 
tages upon failure of the supervisory means of a 
lan master. All units in the system of Figure 4 
desirably monitor the frequency of occurrence of 
polls by the lan master. If within a predetermined 
amount of time, e.g. 5 polling periods, the other 
units have not been polled, it may be assumed that 
the lan master supervisory means is defective. In 
such circumstances, the next unit in sequence des- 
ignates itself as lan master and assumes the role 
thereof previously described. (It may also cause 
local and remote alarm indication) As all units are 
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identical (except for identifying designation, and 
designations as Ian master or lead unit) in structure 
and programming, they are each capable of being 
designated lan master and performing the Ian mas- 
ter function. Thus, so long as enough units of the 
system to support the demand are functional, the 
system will continue to properiy regulate its output 
despite failures in the supervisory means and/or 
cogenerators of all other units. 

In addition to providing the benefits described 
herein for a site owner who owns a cogeneration 
system, the system of the present invention en- 
ables cogeneration systems owned by other to be 
installed at a site. Because the system of the 
invention enables monitoring and documentation of 
the savings in electrical and thermal billings ob- 
tained by use of the system, the site owner may be 
billed by the cogeneration system owner based 
upon such savings. Thus custom engineering ex- 
penses, capital costs and the risks of uneconomical 
operation are avoided by the site owner, and the 
cogenerator owner may achieve economics of 
scale by providing a cogeneration system having 
one design of a standard unit to a large number of 
site owners. Remote collection of power and en- 
ergy data enables centralized billing; remote collec- 
tion of alarm data enables centralized fault monitor- 
ing and diagnosis, by well-trained and experienced 
operators, of all systems owned by the cogenerator 
owner. 

While the preferred embodiment of the inven- 
tion has been shown and described, modifications 
no doubt may be made by those skilled in the art 
without departing from the spirit and scope of the 
present invention. 



Claims 

1. A cogeneration system for producing ther- 
mal and electrical energy at a site having a thermal 
load and an electrical load coupled through elec- 
trical distribution lines to a utility central generating 
station comprising 

cogeneration means including heat engine 
means, electrical generating means mechanically 
coupled to said engine means, electrical coupling 
means for coupling the electrical output of said 
generating means to said distribution lines, and 
heat transfer means for transferring heat from said 
engine means to said thermal load; and supervi- 
sory means for monitoring cogeneration system 
operating conditions and controlling cogeneration 
system operation, said .supervisory means includ- 
ing ■ • 

electrical monitoring means for monitoring the 
electrical energy or power of said electrical load, 
said generating means,- and said utility; 



real time clock means for providing real time 
data; and 

cogeneration control means for controlling the 
operation of said cogeneration system in response 
s to said monitoring means and said clock means. 

2. System according to claim 1. wherein said 
supervisory means comprises data storage means 
for retaining stored data, and said supervisory 
means stores data representing monitored operat- 

10 ing conditions. 

3. System according to claim 2, wherein said 
supervisory means comprises remote input/output 
means for transferring data between said supervi- 
sory means and a communication channel. 

is 4. System according to claim 3. wherein said 

remote input/ output means comprises a modem. 

5. System according to claim 3, wherein said 
remote input/ output means comprises radio 
transmitter/receiver means. 

20 6. System according to claim 1, wherein said 

supervisory means comprises thermal monitoring 
means for monitoring the heat transferred between 
said engine means and said thermal load. 

7. System according to claim 6, wherein said 
25 heat transfer means comprises means for circulat- ' 

ing a fluid through a fluid circuit thermally coupled 
to said engine means and to said thermal load, and 
said thermal monitoring means comprises means 
for measuring the difference in temperature of said 
30 fluid circulated to and from said thermal load and 
means for measuring the flow of fluid through said 
fluid circuit. 

8. System according to claim 2, wherein said 
stored data includes data representing the rate 

35 structure of said utility. 

9. System according to claim 8, wherein said 
supervisory means controls operation of said 
cogeneration means in response to said utility rate 
structure data. 

40 10. System according to claim 9, wherein said 

utility rate structure data includes data representing 
utility peak demand measuring periods, and said 
supervisory means controls operation of said 
cogeneration system in response to said rate struc- 

45 ture data and said real time data. 

11. System according to claim. 10, wherein said 
utility rate structure data includes data representing 
the times at which different utility energy rates are 
in effect, and said supervisory means controls op- 

50 eration of said cogeneration system in response to 
said rate structure data and said real time data. 

12. System according to claim 2, wherein said 
supervisory, means controls the output of said gen- 
erator means in response to monitored utility power 

55 data. 
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13. System according to claim 12. wherein said 
supervisory means controls the output of said 
cogeneration means so that the monitored utility 
power is substantially zero. 

14. Apparatus according to claim 2, wherein 5 
said stored data includes data representing alarm 
units for said monitored operating conditions, and 

said supervisory means compares said monitored 
operating condition data with corresponding alarm 
limit data and generates alarm outputs when said w 
operation conditions exceeds corresponding alarm 
limits. 

15. Apparatus according to claim 14, wherein 
said supervisory means generates remote alarm 
outputs via remote input/output means. /s 

16. Apparatus according to claim 2, wherein 
said supervisory means comprises input/output 
means for entry and display of stored data. 

20 
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@ Cogeneration system and method. 

© A cogeneration system including a heat engine 
driving an electrical generator coupled to electrical 
lines at a site serviced by a utility is disclosed. The 
system includes supervisory means for monitoring 
the electrical energy and/or power supplied by the 
generator, supplied to the site by the utility, and 
consumed by site electrical loads, for storing mon- 
itored electrical data, and for controlling operation of 
the engine and generator in response to the mon- 
itored data. The system further is provided with data 
representing the energy and power rate structure of 
the local utility, and with a real time clock, and 
£J stores monitored electrical data and controls ppera- 
^tion of the system in accordance with whether the 
retime corresponds to a utility peak, intermediate, or 
I s * off-peak energy rate period or to a peak demand 
M measuring period. The system further comprises 
CO means for monitoring the thermal energy transferred 
JOfrom the engine to a site thermal load by heat 

exchange means. 
O Also disclosed is circuitry for monitoring energy 
Q^and power in electrical distribution lines and provid- 
UJing interlocking functions including means for mul- 
tiplying voltage and current representative signals, a 
voltage-to-frequency converter for converting the 



product to a frequency signal, and a gated counter 
for integrating by counting the frequency signal over 
a predetermined time interval. 

Also disclosed is a multiple-unit cogenerator 
system each unit of which is provided with supervi- 
sory means as set forth above, one of which serves 
as a local area network master controlling commu- 
nicating with the others over a local area network. 
One unit serves as a lead unit, varying its output to 
regulate the system output. Other units are turned 
full on or off as. necessary to provide the desired 
output. Lead unit status is rotated among the various 
units of the system to equalize wear. 

A cogeneration method is disclosed including 
the functions of the apparatus set forth above. 
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